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ELECTROLUMINESCENT COMPLEXES 

The present invention relates to electroluminescent materials and to 
electroluminescent devices. 

5 

Materials winch emit light when an electric current is passed through diem are well 
known and used in a wide range of display applications, liquid crystal devices and 
devices which are based on inorganic semiconductor systems are widely used. 
However these suffer from the disadvantages of high energy consumption, high cost 
10 of manufacture, low quantum efficiency and the inability to make flat panel displays. 

Organic polymers have been proposed as useful in electroluminescent devices, but it 
is not possible to obtain pure colours; they are expensive to make and have a 
relatively low efficiency. 



Another compound which has been proposed is aluminium quinolate, but this 
requires dopants to be used to obtain a range of colours and has a relatively low 



20 Patent application WO98/58037 describes a range of lanthanide and transition metal 
complexes which can be used in dectrohuninescent devices which have improved 
properties and give better results. Patent Applications PCT/OB 9 8/0 1 773, 
PCT/GB99/03619, PCT/GB99/04030, PCT/GB99/04024, PCT/GB99AM028, 
PCT/GB0Q/0O268 describe electroluminescent complexes, structures and devices 

25 using rare earth chelates. 

US Patent 5 128587 discloses an electroluminescent device which oonaists of an 
organometaHic complex of rare earth elements of the lanthanide series sandwiched 
between a transparent electrode of high work function and a second electrode of low 
30 work function with a hole conducting layer interposed between die 
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electrolramnescent layer and the transparent high weak function electrode and an 
electron conducting layer interposed between die electroluminescent layer and the 
electron infecting low work function cathode. The hole conducting layer and the 
electron ^^^reti^g layer are required to improve the working and the efficiency of 
5 the device. The hole transporting layer serves to transport holes and to block the 
elections, thus preventing electrons from moving into the electrode without 
recombimng with holes. The recombination of camera therefore mainly takes place in 
the emitter layer. 

10 US Patents 6^287,713 and 6,368,731 the contents of which are incorporated by 
reference disclose electroluminescent compounds which are complexes of boron with 
8-amiiioquinolate derivatives. 

We have now invented novel electroluminescent boron complexes. 

15 

According to the invention there is provided a boron compound of formula 




wherein; 

Ar t represents unsubstitoted or substituted monocyclic or polycystic 
20 heteroaryl having a ring nitrogen atom for forming a coordination bond to boron as 
indicated and optionally one or more additional ring nitrogen atoms subject to the 
proviso that nitrogen atoms do not occur in adjacent positions, X and Z being carbon 
or nitrogen and Y being carbon or optionally nitrogen if neither of X and Z is 
nitrogen, said snbstitnents if present being selected from substituted and unsubstituted 
25 rxydrocarbyl, substituted and unsnbstituted hydrocarbyioxy, fhiorocarbon, halo, nitrite, 
amino alkyiamino, diaCcylamino or thiophenyi; 
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Ar 2 represents monocyclic or polycyclic aryi or heteroaryi optionally 
substituted with one or more subetituents selected from substituted and unsubstituted 
hydrocarbyi, substituted and unsubstituted hydrocarbyloxy, ftuorocaibon, halo, nitrile, 
amino, allcyiamino, dialkylamino or thiophenyi; 
5 Ri represents hydrogen, substituted cur unsubstituted hydrocarbyi, 

halohydiocaibyl or halo; and 

Ra and R3 each independently represent alkyi, cycloalkyl, cycloalkyialkyi, 
haioaikyi, halo or monocyclic or poiycyciic aryi, heteroaryi, araikyi or heieroaraikyi 
optionally substituted with one or more of alkyi, cycloalkyl, cydoalkylalkyl, 
10 haloaDgi, aryi, aralkyl, alkoxy, aryioxy, halo, nitrile, ammo, alkylamino or 
dialkylamino. 

Art typically represents monocyclic or bicyclic heteroaryi in which the ring 
hetexoatoms are nitrogen, eg. pyridyl, pyrimidyf, pyrazinyi, quinoKnyl, iso- 
15 quinolinyl, quinoxaiinyl, or qumazolinyi which may be unsubstituted or may be 
substituted with one or more cycloalkyl, cydoalkylalkyl, haloalkyl, aryi, aialkyi, 
alkoxy, axylocxy, halo, nitrite, amino, alkyi amino or dialkyiamino groups. Preferred 
are groups selected from alkyi, halocarbon or halo substitnents eg. memyl, methoxy, 
trifluoromethyi or fluoro. 

Ar 2 typically represents monocyclic or polycyclic aryi, most usually phenyl or 
naphthyl, but also fluorenyl and 2-6 poIycycKc aryi e.g. antbracenyl, phenanthrenji, 
pyrenyi or pcxyiertyi which may be unsubstituted or substituted with e.g. alkyi, 
cycloalkyi, cycloalkyialkyi, haloalkyl, aryi, aralkyi, alkoxy, aryioxy, halo, mtrfle, 
amino, alkylamino or dialkyiamino. Preferred substitnents include methyl, methoxy, 
trifluoromethyl, fluoro and nitrile. 

Ri most usually represents hydrogen, but it may also represent alkyi, cycloalkyl, 
cydoalkylalkyl, haloalkyl, and monocyclic or polycyclic aryi, heteroaiyl, aralkyl and 
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heteroaralkyi. Prefiared non-hydrogen substituents ate methyl, trifluorometfayl and 
fluoro. 



Ra and Rj typically represent phenyl or 4-suhathrted phenyl wherein the substitoent 
5 in the 4-position is C1-C4 alkyl methyl or ethyl, trifluoromethyl, methoxy 01 
fluoro. He groups Rj and Rj may be derived from eg. dunethyflxmnic acid, 
dimethylborinic anhydride, diethyibarinic add, diethylborinic anhydride, 
dicydoh^iooriine acid, arcyriohexyiwminc anhydride, dnihenyTborinic add, 
diphenylborinic anhydride, , di-p-tolylborinic add (see US 2002/0161230, Mendt et 
10 al, Clariant Corporation), and bis(pentaaKm^hmyl)boriiiic add and its anhydride. 

According to an alternative definition of the invention there is provided a boron 
complex of formula 



15 




(la) 
where 

Ph is an unsubstituted or substituted phenyl group where the sobstituenls can 
be the same or different and are selected from hydrogen, and substituted and 
unsubstituted hydrocarbyl groups such as substituted and unsubstituted aliphatic 
20 groups, substituted and unsubstituted aromatic heterocyclic and polycycHc ring 
structures, fliwrocarbons such as trifluoryi methyl groups, halogens such as fluorine 
or ttdophenyl groups; and 

R, Ri and R2 can be hydrogen or substituted or unsubstituted hydrocarbyl 
groups, such as substituted and urabstituted aromatic, heterocyclic and polycyclic 
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ring structures, fluorine, fluorocarbons such as trifluoryl methyl groups, halogais 
such as fluorine or thiophenyi groups ornitrile. 

Examples of R and/or R f and/or Ra and/or R3 in Formula (la) include aliphatic, 
5 aromatic and heterocyclic alkoxy, aryloxy and carboxy groins, substituted and 
substituted phenyl, fiuorophenyl, bipfaenyl, pheoanthrene, anthracene, naphthyi and 
fluorane groups alky] groups such, as t-butyl, heterocyclic groups such as carbazolo. 

The suhstituente in die above mentioned co mp ounds are advantageously 
10 selected so that the compounds sublime without decomposition in vacuo (e^g, at 10* 
to 10" 7 Ton) at a temperature of from 120-250°C 

According to a further aspect of the invention, there is also provided a process for 
manufecturing a compound of the formula (I) as defined above, which comprises 
15 condensing a diketone of the formula: 



with hydrazine to give a pyrazole of the formula 




and esterifying the above pyrazole with a borinic add of the formula R 2 R 3 BOH or an 
20 anhydride of formula R3R3BOBR3R2 thereof to give the compound of formula ©, 
atoms X, Y and Z, the rings Ar,, Ar 2 and the substituentsRt-Ra having the same 
meanings as for formula <T). 
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The starting materials for Hie diketone may be made by standard methods for the 
production of 1 ,3-dxones eg. condensation in the presence of a base of an ester of the 
corresponding unsubstitnted or substituted monocyclic or polycyclic 
heteroarylcarboxylic acid and the corresponding monocyclic or pdycycHc aryl- or 
5 heteroaryl-ethanoQe, 

The invention also provides an electroluminescent device which comprises a first 
electrode, a layer of an efecrolmDiDcsccni material and a second electrode iu which 
the electroluminescent material is a complex of formula 09 or (la). 



10 



The thickness of the layer of the ekctroluminescent material is preferably from 10- 
250 ran, more preferably 20-75 1 



The first electrode can function as the anode and the second electrode can function as 
15 the cathode and preferably there is a layer of a hole transporting material between the 
anode and the layer of the electrohiminesociit material* 

The hole transporting material can be any of the hole transporting materials currently 
used in electroluminescent devices. 

20 

For example, it can be an amine complex such as a-NBP, poly (vinylcarbazoic), N, 
N'-diphenyl-N, N*-bis (3-methylphenyl) -1,1 * -biphenyi ^,4 '-diamine (TPDX 
unsnbstituted or substituted polymer of an amino substituted aromatic compound, a 
poryanOine, substituted polyanilines, polythiophenes, substituted polytinophenes, 
25 polysflanes etc Examples of polyanilines are polymers of 

> — ' (H) 

where R is in the ortho — or meta-position and is hydrogen, CI -1 8 aflcyl, C 1-6 alkoxy, 
amino, chloro, bromo, hydroxy or the group 
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where R is alky oraryl and R f is hydrogen, Cl-6 alkyl 01 aryi with at least one other 
monomer of formula I above, 

5 Alternatively the hole transporting material can be a potyanfline. Polyanilines that 
can be used in the present invention have (he general formula 




(DO 

where p is from 1 to 10 and n is from 1 to 20, R is as defined above and X is an 
10 anion, preferably selected from CI, Br, SO4, BF 4 , PF* HzPQj, H2PO4, 
arylsulnhonate, arenedicarboxylatc, polystyrenesulphonate, polyacryiate 
alkysnlphonate, vinyisulphonate, vinylbenzeae snlphonate. cellulose sulphonate, 
camphor sulphonates, cellulose sulphate or a perfluorinated polyanion. Examples of 
arylsulphonates are p-toluenesulphonate, benzenesulphonate, 9,10-anmiaquimme- 
15 sulphonate and ^%flcftn^lphniwtr^ An example of an arenedicarboxylate is 
phthalate and an example of arenecarboxyiate is benzoate. 

We have found dial protonated polymers of die unsubstituted or substituted polymers 
of an amino substituted aromatic compound such as a polyamline are difficult to 
20 evaporate or cannot be evaporated. However we have surprisingly found that if the 
unsubstituted or substituted polymer of an amino substituted aromatic compound is 
deprotonated then it can be easily evaporated, te» the polymer is evaporable. 
Preferably evaporable deprotonated polymers of unsubstituted or substituted 
polymers of an amino substituted aromatic compound are used. The de-protonated 
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unsubstitiiied or substituted polymer of an amino substituted aromatic oompound can 
be formed by deprotonating the polymer by treatment with an alkali such, as 
ammonium hydroxide or an alkali metal hydroxide such as sodium hydroxide or 
potassium hydroxide. The degree of protanation can be controlled by forming a 
5 protonated polyanflme and deinotonating. Methods of preparing polyanilmes are 
described in the article byA-G. MacDiarmid and A. F. Epstein, Faraday Discussions, 
Chem Soc.88 P319 1989. Tbe conductivity of the polyaniline is dependent on the 
degree of profanation with the ma&noinn conductivity being wb« the degree of 
{ootonatkm is between 40 and 60% eg. about 50% for example. Preferably the 
10 polymer is substantially folly deprotonated. 



A polyaniline can be formed of octamer units Le. p is four, e.g. 

-t*=< 



The polyanflines can have conductivities of the order of 1 x 10' 1 Siemen cm' 1 or 
15 M^.Tliearomatk>ring3canbei^ 
group such as ethyL 

The polyaniline can be a copolymer of aniline and preferred copolymers are die 
copolymers of aniline with o-amsidme, m~sulphanflic add or o-aminophenol, or O- 
20 toluidine with o-aminophenol, o-ethylaniline, o-phenyiene diamine or with amino 
anthracenes, o-tolukKne, o-dhylaniline, m-tolmdine, m-cthyianiline etc 



Other polymers of an amino substituted aromatic compound which can be used 
include substituted or unsubstituted polyaminonapflialenes, polyannnoanttnracencs, 
25 polyaminophezianthienes, etc. and polymers of any other condensed polyaranatic 
compound. Pdyaminoanthracenes and methods of making them are disclosed in US 
Patent 6,153,726. The aromatic rings can be unsubstituted or substituted eg. by a 
group R as defined above. 
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Other hole transporting materials are conjugated polymer and ttie conjugated 
polymers which can be used can be any of the conjugated polymers disclosed or 
referred to in US 5807627, PCT/WO90/13148 and PCT/WO92/03490, The preferred 
conjugated polymers axe poly (r>phen^aMvin>dta») (PPV) and oopolymos including 
5 PPV. Other preferred polymers arc polyCW dialkoxyphmyleiie vinylene) such as 
poM(2-nieth0xy-S<2^e^ vinylene)], poly(2- 

methoxypentyioxy>^^ poly(2-xnethoxy-5-(2'dodec>ioxy-lA 
p^ylensvinyicnc) and ether pc!}<2£ disftsxspher^^ with ■* teast one 

ofthealkoxy groups bemg^ 
10 oligoflnorwea, polyphaqdenes and oligophenylenes, polyarunracenes and oHgo 
^w**^ ploythiophenes and oUgoduopheaes. In PPV the phenylene ring may 
optionally carry one or more snbstiriiaits eLg. each independently selected from sSkyU 
preferably methyl, aflooxy, preferably methoxy or ethoxy 

15 In poly(ftuorene), the ftuorene ring may optionaDy cany one or more substituents e* 
each independently selected from alkjd, preferably methyl, alkoxy, preferably 
methoxy or ethoxy. 

Any poly(aryienevinylene) including substituted derivatives thereof can be used and 
20 the phenylene ring in poly(p-phQ^enfivinylaie) may be replaced by a fused ring 
system such as an anthracene or naphihylene ring and the number of vinylene groups 
in each polyphenylenevinylene moiety can be increased e.g. up to 7 or higher. 

The conjugated polymers can be made by the methods disclosed in US 5807627, 
25 PCT/WO90/13148 and PCT/WO92AB490- 

The thickness of the hole transporting layer is preferably 20nm to 200nm. 



The polymers of an amino substituted aromatic compound such as polyanihnes 
3 o referred to above can also be used as buffer layers with or in conjunction with other 
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hole transporting materials eg. between die anode and the hole transporting layer. 
Other buffer layers can be formed of pfathalocyanincs such as copper pbtbalocyanine. 

Hie structural formulae of some other hole transporting materials are shown in 
5 Figures 3 to 7 of the drawings, where Ri % R$ and R3 can be the same or different and 
are selected from hydrogen, and substituted and unsubstitnted hydrocaAyi groups 
such as substituted and xmsubsiituted aliphatic groups, substituted and unsubstituted 
aromatic, heterocyclic Bud poljrcyclic ting structures, fuwocazbens such as influoryi 
methyl groups, b^fog*"* such as fluorine or thiophenyt groups; Ri, Ra and R 3 can 

10 also form substituted and unsubstituted fused aromatic, heterocyclic and polycydic 
ring structures and can be copolymerisable with a monomer e.g. styrene. X is Se, S or 
O, Y can be hydrogen, substituted or unsubstitated hydrocarbyl groups, such as 
substituted and unsubstitcled aromatic, heterocyclic and polycydic ring structures, 
fluorine, fluorocarbons such as triftnoryi methyl groups, halogens such as fluorine or 

15 thiophooyi groups or mtrile. 

Examples of R| and/or R* and/or Ra include aliphatic, aromatic and heterocyclic 
alkoxy, aryloxy and carboxy groups, substituted and substituted phenyl, fluorophenyi, 
biphenyi, phenanflurene> aztfhiaeene, naphthyl and fluorene groups alkyi groups such 
20 as t-butyi, heterocyclic groups such as caxbazole. 

Optionally there is a layer of an electron injecting material between the cathode and 
the electroluminescent material layer. The election injecting material is a material 
which will transport electrons when an electric current is passed through electron 
25 injecting materials including TAZ (formula in Fig. 2) or a metal complex such as a 
metal quinolate e.g» a zirconium quinolatc (Znj4), zinc quinolate, aluminium 
quinolate, lithium quinolate, Mx(DBM)» where Mat is a metal and DBM is dibenzoyl 
methane and n is the valency ofMx e.g Mx is aluminium or chromium. 
In place of the DBM moiety there can be a Schiff base. 

30 
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The election infecting material cm also be a cyano anthracene such as 9,10 thcyano 
anthracene, cyano substituted aromatic confounds, tetracyanoquinidodraifitiiane a 
polystyrene sulphonate or a compound with the structural formulae shown in figures 
1 or 2 of the drawing? in which the phenyl rings can be substituted with substituents 
5 R as defined above. Instead of being a separate layer die electron injecting material 
can be mixed with the electroluminescent material and co-deposited with it 

Optionally the hole transporting material can be mixed with the electroluminescent 
material and co-deposited wife it and fee electron injecting materials and 
10 electroluminescent materials can be mixed. The hole transporting materials, the 
dectroluminescent material and the electron injecting materials can be mixed 
together to form one layer, which simplifies the construction. 

The anode is preferably a transparent substrate such as a conductive glass or plastic 
15 material which ads as the anode. Pietored substrates are conductive glasses such as 
indium tin oxide coated glass, but any glass which is conductive or has a conductive 
layer such as a metal or conductive polymer can be used. Conductive polymers and 
conductive polymer coated glass or plastics materials can also be used as fee 
substrate. The cathode is preferably a tow work function metal eg. aluminium, 
20 barium, me earth metals, transition metals, calcium, lithium, magnesium and alloys 
thereof such as sirver/magnesium alloys, rare earth metal alloys eta; aluminium is a 
p r e fer red metal. A metal fluoride such as an alkali metal e»g. lithium fluoride or rare 
earth metal fluoride can be used as the second electrode for example by having a 
metal fluoride layer formed on a metal. 

25 

The boron complexes of the present invention include blue emitting 
electroluminescent materials. 

Hie devices of the present invention can be used as displays in video displays, mobile 
30 telephones, portable computers and any other application where a electronically 
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controlled visual image is used. The devices of the present invention can be used in 
both active and passive applications of such as displays. 

In known electroluminescent devices either one or both electrodes can be formed of 
5 silicon and the electroluminescent material and intervening layers of a hole 
transporting and electron transporting materials can be formed as pixels on the silicon 
substrate. Preferably each pixel comprises at least one layer of on electroluminescent 
material and a (at least semi-} transparent electrode in contact with the organic layer 
on a side thereof remote fiom the substrate. 

10 

Preferably, die substrate is of crystalline silicon and the surface of the substrate may 
be polished or smoothed to produce a flat surface prior to the deposition of electrode* 
or electroluminescent compound. Alternatively a non-planarised silicon substrate can 
be coated with a layer of conducting polymer to provide a smooth, flat surface prior 
15 to deposition of further materials. 

In one embodiment, each pixel comprises a metal electrode in contact with the 
substrate. Depending on the relative work functions of the metal and transparent 
electrodes, either may serve as the anode with the other constituting the cathode. 

20 

When the silicon substrate is the cathode an indium tin oxide coated glass can act as 
the anode and light is emitted through the anode. When the silicon substrate acts as 
the anode* the cathode can be formed of a transparent electrode which has a suitable 
work function; fin~ example by a indium zinc oxide coated glass in which the indium 
25 zinc oxide has a low work function. The anode can have a transparent costing of a 
metal formed on it to give a suitable work function. These devices are sometimes 
referred to as top emitting devices or back emitting devices. 

The metal electrode may consist of a plurality of metal layers; for example a higher 
30 work function metal such as aluminium deposited on the substrate and a lower work 
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5 



function metal such as calcium deposited on the higher work function metaL m 
another example, a further layer of conducting polymer lies on top of a stable metal 
such as ahra nttom . 

Preferably, the electrode also acts as a minor behind each pixel and is either 
deposited on, or sank into, the planarised surface of the substrate. However, there 
may alternatively be a light aosoAingWack layer adjacent to Aesun^ 

In still another embodiment, selective regions of a bottom conducting polymer layer 
are made iioiwsonductmg by exposure to a suitable aqueous solution allowing 
formation of arrays of conducting pixel pads which serve as the bottom contacts of 
the pixel electrodes. 

Bhie dectzolummescent materials ate me most difficult to obtain with satisfactory 
15 performance and, in blue monochromatic displays and polychromatic displays, a blue 

t material of die present invention can be used. 



10 



20 



25 



As described in WOOO/60669 dm brightness of light emitted from each pixel is 
preferably controllable in an analogue manner by adjusting the voltage or current 
apifled by die ruatrix ciicuh^ ^ 

an analogue signal in each pixel circuit. The substrate preferably also provides date 
drivers, date converters and scan drivers for processing information to address the 
array of pixels so as to create images. 

In a further embodrmerrt, each pixel is controlled by a switch wmprising a voltage 
coinroned element and a variable resistance element, both of which are conveniently 
formed by metel-oxide-semicoiidoctor field effect transistors (MOSFETs) or by an 
active matrix transistor. 



30 The invention is illiistrated in the following examples 
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10 



15 



Example 1 

Preparation <^2^^henylbara^hS-phenylpyr a zol-3-yl)py r idi n e 



o 

KO*Bu,totuene 



F 



HW— N 





Aoetophenone (1 1.6 mL, 99 mmol), was added to a susj>eiision of potassium 
tert-butoxidc (I234g 110 mmol) in toluene (150 mL) and aimed under argon. The 
flask was then charged with ethyl picolinale (1 3.4 mL, 99 mmol) and the mixture 
stirred overnight The toluene was removed by rotary evaporation and 200 mL of both 
diethyiether and deionised water added. With stirring the mixture was acidified with 
dilute HCI until the ether layer was dark orange ~ pH 7). The ether layer was 
separate* washed with da 

and filtered. The solvent was removed and the aoHd recrystallised from hot efhanol to 
yieM l-phenyl-3^dto-2-yhm 3p ar^l>dione (1) as a pale yellow crystalline solid 
<15J 8,69%). 



A 250 mL flask was charged with componnd (1) (10g 44 mmol), a magnetic 
follower and 150 mL of ethanol. Hydrazine monohydrale (2.15 mL, 44 mmol) was 
added and the rnixtureref^overnr^ 

the residue metallised from methanol to yield 2^enylpv raz0 l-3-yl) P yridme (2) 
20 as a pale yellow crystalline solid (9.5 g, 97 %). 
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A 150 mL flask was charged with diphenylboiimc anhydride (LOO g, 2.9 
imnolX compound (2) (1.28 g, 5.8 mmol) and 100 mL of toluene. The mixture was 
refluxed until oil traces of die anhydride had dissolved and thai refluxed for a further 
2 hours. On cooling, white crystals wore fanned. These were collected by filtration 
and dried under vacuum to give 2-15g (96%) of 2-(2-dii*i€Jij4bcManyl-5- 
phraylp3razol-3-y0pyridine. DSC:- Mpt 261.4- 265.2° C (Rectyst 1733 *C). Tlie 
properties of this complex are shown in table 1 below and its emission spectram and 
UV absorbanoe are shown in figs. 8 and 9. 



10 



15 



Example 2 

Preparation of2-(2^henylbaranyUS^4^rvphenyl)pyr^ 




2-(2-diphenylboranyi-5-(4-fluorophmy I )pyrazol -3 -yi)pyiidine was prepared by the 
method of example 1 with acetophenone being replaced by 4'-jauOToacrtophenone. 
The diketone was prq>ared in -70% yield and the free ligpnd and boron compounds 
were formed in 9(R% yields. DSQ_MpL 263.7- 266.6°C (Recrystl96.4°C). The 
properties of fiiis complex are shown in table 1 below and its emission spectrum and 
UV absoibance are shown in figs. 10 and 11. 



20 



Table 1 



Compound 


PL Efficiency 


Peak Wavelength 


CIE Coord. 


MP.°C 


of Example 


GdmrW 


mn 






1 


0.071 


-455 


0.17;0.16 


263-267 


2 


0.058 



-450 


0.16;0.15 


261-265 
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E xa m ples 3 — 12 

The compounds indi c ated in Table H were prepared as in Example l t and their 
properties were as shown in the Table, in which the x and y values in the final two 
5 columns are colour coordinates. 



Table H - Compounds of Examples 3-12 











ft III « 





Wendy 


X 


Y 


DSC 

ITLp.<°C) 


DSC 


PL(Rm) 
Paakfnm] 


PL (Him) 
Efficiency 


Pt(FBm) 
X 


PL(Rm) 
Y 




H 


H 


259.1-203.1 


Not 
obseved 


460 


0.111 


0.1593 


0L1968 


C|¥) 


H 


CM 


3284-334*4 


Not 
observed 


460 


0.043 


0.1543 


ai26T 


DCS) 


Mb 


H 


2S14-2S6 


9&2 


460 


0.036 




0.1822 






ireE 


287-291 


116 


475 


0.09 


0.1714 


0.2578 




H 


F 


383-393 


Not 
observed 


461 


0.112 


0.1619 


O2015 




FJfcu 


reG 


3134-317.7 


1084 


470 


0.09 


0.1706 


0.2572 




H 


Me 


2673-271.9 


97*6 


465 


046 


ai668 


0.2281 


■« 


OMe 


Me 


295-300 


96 


468 


0.087 


0.1740 


02489 




Me 


F 


244-248 


100 


460 


aos 


0.1679 


0.1868 


Me 


CN 


3224427.6 


1164 


440 


0.03 


0.1625 


0.1822 



l 
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Example 13 

A pre-etehcd TTO (indium tin oxide) coated glass piece (10 x 10cm 2 ) 
used. A device was fabricated by sequentially fonning layers on the ITO by vacuum 
5 evaporation, using a Soltiet MacMne,ULVAC Ltd. Chigacki, Japan; the active area of 
each pixel was 3mm by 3mm. The layers comprised:- 

ITO (HyCuPc (25 nmVa-NPB (110 nmyCompound A (35 mn)/Al 
10 in which compound A has the formula 




Compound A 

CuPc is a copper phthalocyanine buffer layer and o>NPB is as in fig. 7. The coated 
electrode was stored in a vacuum desiccator over a molecular sieve and phosphomus 
pentaxide until it was loaded into a vacuum coater (10* tan-) *ri u« 
IS contact was made. The device was then kept in a vacuum desiccator until the 
electroluminescence stu dies were performed. 

In these studies, u^riX) electrode 

current vs. voltage studies were earned out on a computer controlled Keithly 2400 
source meter. TT»dectro^ 

mR * 12. Luminescence and current density were measured as a function of voltage 
and luminescence and current efficiency were measured as a function of current 
density with the results shown in Pig. 13. 
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A farther electroluminescent device was made with a cefl comprising the following 
layers, OF representing tiffadum fluoride: 

YTO (H)/CuPc (25 mn)/ar-NPB (85 nmyOmipound A (55 nmyiiF (0.2 nm)/AL 

5 

The decteohammescenl spectrum was measured and the results shown in Fig. 14. 
Luminescence and current density were measured as a function of voltage and 
luminescence and current efficiency were measured as a function of current density 
with the results shown in Fig. 15. A third dectrohmiinescent device was made with a 
10 cell comprising the following layers: 

rrCKHyCuPc (25 nmya-NPB (1 1 0 nmyCompound A (40 nmyZrq* (10 nmyiiF (0.2 
nmVAl 

15 tn which ZrQ4 is zirconium quinolate. The electroluminescent spectrum was 

measured and the results are shown in Fig. 16. Lurninescence and current density 
were measured aa a function of voltage and luminescence and current efficiency were 
measured as a function of current density with the results shown in Fig* 17. A fourth 
electroluminescent cell was made comprising the following layers: 

20 

rKXHyCuPc (25 nmyctrNPB (1 10 nmyCompound B (1 mnyCompomid A (40 
nm)/Zrq4 (10 nmyiiF (0.2 nmyAl in which compound Bis of formula: 




Compound B 
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The dectroluminesceat spectrum was measured and the results are shown in Fig. 18. 
Luminescence and current density were measured as a function of voltage and 
luminescence and current efficiency were measured as a function of current density 
with the results shown in Fig. 19. 

5 

Example 14 

An electrohuninescent device was made with the following layers: 

10 rrO(H)/CuPc (25 nmya-NPB (1 10 nm)/Compound C (40 nmyZrq* (10 nm)/liF (0.5 
nm)/Al 

in which compound C is of formula: 




Compound C 

15 The electroluminescent spectrum and other properties were measured and the results 
are shown in Figures 20 and 21. 

A second electroluminescent device was made with the following layers : 

20 ITO(H)/CuPc (25 nmya-NPB (75 nmyBAkfc (15 nmyCompound C (40 nm)/Zrq 4 (10 
nmyiiF(0.5nm)/Al 



In the above structure BAlqz represents biphenyi ahmriirium biqninolate (the same aa 
the compound BAJql in Fig 1). The ekctroltiminescent spectrum was measured and 
the results are shown in Kg. 22. lanmiescence and 



5 



10 
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a function of voltage and luminescence and current efficiency were measured as a 
function of current density with the results shown in Fig, 23, 

Example 15 

An electroluminescent device was made with the following layers: 

nOi&yCurc (25 nmyarNPB (1 10 nmyCompound D (40 mnyBAUfc (lOnmyiiF 
<0.5nmyAl 

in which compound D is of formula: 




Compound D 

TTie electroluminescent spectrum was measured and the results are shown in Fig. 24. 
Luminescence and current density were measured as a function of voltage and 
IS luminescence and current efficiency wee measured as a function of current density 
with the results shown in Fig. 25. 

Example 16 

20 An dectrolurninescent device was made with the following layers: 



nXXHyCoPc(25 nmyct-NPB (60 nmyCompound EzPeryiene (30tf.02 nmyBAlqj 
(10 nrayiiF (0.5 nmyAl 
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in which compound B is of formula; 




Compound B 



Theeieciroiuniii^^ 

Luminescence and current density were measured as a function of voltage and 
luminescence and curat efficiency woe measured as a function of current density 
with flie results shown in Fig. 27. 



10 
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CLAIMS 
1. A boron compound of formula 



R 2 




5 wherein: 

Ar f represents unsubstituted or substituted monocyclic or polycyclic 
heteroaryl having a ring nitrogen atom for forming a coordination bond to boron as 
indicated and optionally one or more additional ring nitrogen atoms subject to the 
proviso that nitrogen atoms do not occur in adjacent positions, X and Z being carbon 
10 or nitrogen and Y being carbon or optionally nitrogen if neither of X and Z is 
nitrogen, said substituents if present being selected from substituted and unsubstituted 
hydrocarbyl, substituted and unsubstituted hydrocarbyloxy, fluoro carbon, halo, nitrite, 
amino alkylamino, dialkyiamino or thiopherryi; 

Ai* represents monocyclic oar polycyclic axyi or heteroaryl optionally 
15 substituted with one or more substituents selected from substituted and unsubstituted 
hydrocarbyl, substituted and unsubstituted hydrocarbyioxy, fluorocarbon, halo, nitrile; 
amino, alkylamino, dialkyiamino or thiopfcenyl; 

Ri represents hydrogen, substituted or unsubstituted hydrocarbyl, 
halohydrocaxbyl or halo; and 

20 R2 and R3 each independently represent alky], cycloalkyl, cycloalkytalkyi, 

haloalkyi, halo ox monocydic or polycyclic aiyi, heteroaryl, aralkyl or heteroaialkyl 
optionally substituted with one or more of alkyl, cycloalkyl, cydoalkylalkyl, 
haloalkyl, aryl, aralkyl, alkoxy, aryloxy, halo, nitrile, amino, alkylamino or 
dialkyiamino* 



25 
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2. Hie compound of claim 1, wherein Art represents monocyclic or bicyclic 
heteroaryi which is unsubsti toted or is substituted with one or more of C1-C4 alkyi 
C1-C4 alfcoxy, trifiuoromethyl or fluoro. 

5 3. The compound of claim 2, wherein Art represents monocyclic or bicyclic 
heteroaryl which is unsubsotated or substituted pyridyl, pyrimidyl, pyrazinyl, 
quinolinyl, iso-quinoKnyi, quinoxalinyi, or quinazolinyl.. 

4. The compound of any preceding claim, wherein Ar* represents monocyclic or 
10 2-6" polycyclic aryl which is unsubstitoted. 

5. The compound of claim 4, wherein the monocyclic or polycydic aryl is 
substituted with one or more of Cr-Q alkyl, C1-C4 alkoxy, trifiuoromethyl, fluoro or 
nitrile. 

15 

6. The compound of claim 4 or 6, wherein die monocyclic or polycyclic aryl is 
phenyl, naphthyl, anthracenyl, phenantbrenyl, pyrenyl or perytencyL 

7. The compound of any preceding claim, wherein R| represents hydrogen, 

20 

8. The compound of any of claims 1-6, wherein Rj represents alkyl, cycioalkyl, 
cycloalkylaDcyl. haloalkyi, monocyclic or polycyclic aryl, heteroaryl, axalkyl or 
heteroaralkyl. 

25 9. The compound of any of claims 1-6, wherein Ri represents C1-C4 alkyl, 
trifiuoromethyl or fluoro. 

10. The compound of any preceding claim, wherein Ra and R3 represent phenyl or 
4-subsrtiuted phenyl. 

30 
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1 1. The compound of claim 10, wherein the substitueat in the 4-position is Cj-Q 
alkyJ, trilhioromethyi, Ci-C* alkoxy or fluoro. 

12. An dectroluminescenl device, which comprises a first electrode, a layer of an 
5 dectrolnminfiscent material as claimed in any preceding claim and a second 

electrode. 

13. The device of claim 12, wherein there is a layer of a hole transmitting material 
between the first electrode* which functions as the anode; and the layer of the 

10 electroluminescent material. 

14. The device of claim 13, wherein which the hole transmitting material is an 
aromatic amine complex. 

15 15. The device of claim 13, wherein the hole transmitting material is a polyaromatic 
amine complex. 

16. The device of claim 13, wheceinthe hole transmitting material is a film of a 
polymer selected from a-NPB, potrfvinylcaxbazole), N 3 ^-drphec^-N > N*-bis (3- 

20 methytphenyl) A 9 V -biphsnyi ^,4 > wiianiine (TPD), CBP, potyaniline, substituted 
pdyamlines, polythiophenes, substituted polythiopheaes, polysilanes and substituted 
potysikmes. 

17. The device of claim 13, wherein the hole transmitting material is a film of a 
25 compound of formula (B) or (HI) herein or as in figures 3 to 7 of the drawings. 

18. The device of claim 13, wherein the hole transmitting material is a copolymer 
of aniline, a copolymer of aniline with o-anisidine, mnsulphanihc acid or o- 
a m i no phe no l, or o-tohridme with o-aminophenol, o-ethyianiline, o-phenylene 

30 diamine or with an amino anthracene, o-toluidine, o-ethyianiline, m-toluidine, m- 
ethyianiline. 
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19. The device of claim 13, wherein the hole transmitting material is a conjugated 
polymer. 

5 20. The device of claim 19, wherein the conjugated polymer is selected from poly 
(p-phenylenevinylenc>PPV and copolymers including PPV, poly{2>5 
dialkoxyphenyleae vinylene), poly 0Hnrthoxy-5^2<ncthoxypcaatyloxy- 1,4- 
phenylene vinylene), poly(2-mcthoxypentyloxy> 1 ,4-phenyienevmyiene), poly(2- 
metho^-5^2-do<tec^xy^l,4-phe^enevmyiene) and other poty(2,5 
10 dialkoxyphenylenevinylcaes) with at least me of the aBcoxy groups being a long 
chain sotubilising alkoxy group, polyfluorenes and oligofroorenes, polyphenylenes 
and oligophenyienes, polyanthrccenes and oligo anthracenes, ploythiophenes and 
oligothiophenes and substituted polyfluorenes. 

15 21. The device of any of claims 12-20, wherein the electroluminescent compound 
is in admixture with the hole transmitting material* 

22. The device of any of claims 12-21, wherein there is a layer of an electron 
transmitting material between the second electrode* which functions as the cathode; 

20 and the layer of the electroluminescent material. 

23. The device of claim 22, wherein the electron transmitting material is a metal 
quinolate. 

25 24. The device of claim 23, wherein the metal quinolate is an aluminium 
quinolate or lithium quinolate. 
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25. Hie device of claim 22, wherein the electron transmitting material is of 
formula Mx{DBM)n where Mxisa metal and DBM is dibenzoyl methane and n is the 
valency of Mx or there is a Schiff base in place of the DBM 

5 26. The device of claim 22, wherein die electron transmitting material is a cyano 
anthracene, 9,10 ch cyano anthracene, a polystyrene sulphonate or a compound of 
formulae shown in figure 1 or 2 of the drawings. 

27. The device of any of claims 22-26, wherein die electron transmitting material 
10 is mixed with the electroluminescent compound. 

28, Hie device of any of claims 12-27, wherein the first electrode is a transparent 
electricity conducting glass electrode. 

15 29. The device of any of claims 12-28, wherein the second electrode is selected 
from aluminium, barium, rare earth metals, transition metals, calcium, lithium, 
magn es iu m and alloys thereof and sttveotaagnesanm alloys. 

30. The device of any of chums 12-29, wherein die second electrode is selected 
20 from a metal having a metal fluoride layer formed on it 

31. Hie device of claim 30, wherein the metal fluoride is a lithium fluoride or ran? 
earth fluoride. 

25 32. A process for manufacturing a compound of die formula fl) as defined in 
claim 1, which comprises condensing a diketone of die formula: 
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with hydrazine to give a pyrazole of the formula 




10 



15 



and esterifying the above pyrazole with a borimc acid of the formula R2R3BOH or an 
anhydride of fonnula RaRiBOBRoR, thereof to give the compound of formula {J>, 
atoma X, Y and Z, the rings Ar,, Ai* and the substrtuentsRi-Rj having the same 
meanings as in claim J. 

33. The process of claim 32, further comprising the step of making die (Hketone 
of claim 32 by condensing in the presence of abase an ester of the an nnsiibstituted or 
substituted monocyclic or polycycfic heteroaatf caxboxylic acid with a monocyclic or 
polycystic aryl- or heteroaryl-ethanone* 

34. The process of claim 32 or 33, which comprises esterifying the pyrazole with 
dimethylborinic dimethyib<ramc anhydride, ciethyftorimc acid, <fcethyfborimc 
anhydride, dicycloheacylborinic acid, dicyclohexjdborinic anhydride, diphenyiborinic 
acid, diphenyiborinic anhydride, di-p4oljdborinic acid, bis(pentafliK)n)phtt5>1)boiinic 
acid or its anhydride. 

35. A boron complex of formula 




(0 
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where 

Ph is an unsuhstituted or substituted phenyl group where the substitaeofs can 
be the same or different and are selected from hydrogen, and substituted and 
unsubstituted hydrocaibyi groups such as substituted and unsubstituted aliphatic 
5 groups, substituted and unsubstituted aromatic, heterocyclic and polycyclic ring 
structures, fluorocaibons such as trifluorjl methyl groups, halogens such as fluorine 
or tmophenyl groups; and 

R, R| and R 2 can be h y dro ge n or substituted or unsubstituted hydrocarbyl 
groups, such as substituted and unsubstituted aromatic, heterocyclic and polycyclic 
10 ring structures, fluorine, fluorocarbons such as trifluoryi methyl groups, halogens 
such as fiuorine or thiophenyl groups or mtrile. 

36. A complex as claimed in claim 35, in which R and/or Rj and/or Ra are 
aliphatic, aromatic or heterocyclic alkoxy, aryioxy and carboxy groups, substituted 
15 and substituted phenyl, fluorophenyl, biphenyi, pheMiithrene, anthracene, napbthyl 
and fluorene groups alkyl groups such as t-butyi, heterocyclic groups such as 

carbazole. 
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